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1
Introduction

In RAN1#63-bis, during discussions [1]-[4] on the design choice of downlink physical channel to carry UL PCI feedback for closed loop uplink transmit diversity, two candidate channels have been proposed a) Existing F-DPCH channel and b) E-PCICH (in the form of E-RGCH/E-HICH). While some key decisions with regard to requirements (number of bits, update rate, downlink transmit power, and delay) on UL PCI feedback have yet to be made, in this document, we provide a comparison between the two schemes by analyzing a few key metrics such as a) downlink transmit power, b) channelization code consumption, and  c) UL PCI feedback delay.

2
Downlink Transmit Power Comparison
In the following, we provide a simple analysis assuming 
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Figure 1: Transmit power requirement for a single PCI bit sent on F-DPCH
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Figure 2: Transmit power requirement for a single PCI bit sent on E-PCICH
In the case when a single PCI bit/slot is sent on F-DPCH (+1,+1) or (-1,-1)) with an amplitude 
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On the other hand when a single PCI bit is sent on E-PCICH across an entire slot, with an amplitude
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Equating the two receive SNRs, we obtain the following relationship
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2.1
Case 1: Equal Geometry Users
Figure 3 and Figure 4 illustrates the transmit amplitude for a group of 5 users for the case when the PCI bit is transmitted on F-DPCH and E-PCICH respectively. Further, we assume that these users experience the same geometry and are power controlled by the NodeB. 
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Figure 3: Case 1: 10 users, Equal transmit power profile, PCI sent on F-DPCH
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Figure 4: Case 1: Equal transmit power profile, PCI sent on P-PCICH and TPC sent on F-DPCH
As seen in Figure 3, for the equal geometry case, the total transmit power for the case when a single PCI bit/user is sent on F-DPCH is
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In Figure 4, the total transmit power for the case when a single PCI bit/user is sent on E-PCICH, while TPC bits are sent on F-DPCH is given as
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Hence, for the equal geometry case, the total transmit power required to transmit 1 PCI bit/slot and 1 TPC bit/slot to a group of 10 users using F-DPCH is the same as  that using E-PCICH. Note, if we assume that E-HICH and E-RGCH signatures are also allocated per user, then  in this case the channelization code occupancy for F-DPCH based scheme  is 2xSF256 (TPC and PCI) plus 1/2 of 1xSF128 (E-RGCH and E-HICH), while the E-PCICH/F-DPCH  based scheme occupies 1xSF256 (TPC) plus 3/4 of 1xSF128 (PCI+E-RGCH+E-HICH). In units of SF256, this means that the F-DPCH scheme occupies 3xSF256 while the E-PCICH/F-DPCH scheme occupies 2.5xSF256.
2.2
Case 2: Unequal Geometry Users: Exponential Transmit Power Profile

In the analysis presented below, we assume two sets of users (5 users in each set) with unequal geometry. Again, we assume that both the F-DPCH and the E-PCICH are power controlled. In each set, the users are ordered in ascending order of geometry which increases by 1 dB from user to user. So for example, in set 1, user 1 has the worst geometry, user 2 has a 1 dB higher geometry w.r.t user 1, user 3 has a 1 dB geometry higher than user 2 and so on. Similarly in the other set, user 6 has the same geometry as user 1, and user 7 has the same geometry as user 2 and so on. Figures 5 and 6 show how TPC and PCI are mapped to F-DPCH and E-PCICH for each user, assuming a single TPC bit and a single PCI bit per slot.
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Figure 5: Case 2: Unequal transmit power profile, PCI sent on F-DPCH
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Figure 6: Unequal transmit power profile, PCI sent on E-PCICH and TPC sent on F-DPCH

As seen in Figure 5, for the unequal geometry case, the total transmit power utilized on each F-DPCH channelization code for the case when a single PCI bit/user is sent on F-DPCH equals
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Since 2 F-DPCH channelization codes are utilized for 10 users, the total power consumption is 
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On the other hand, as seen in Figure 6, the total transmit power for the case when a single PCI bit/user is sent on E-PCICH, while TPC bits are sent on F-DPCH is given as follows:
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Hence, even for the un-equal geometry case as assumed in this analysis, the total transmit power required to transmit 1 PCI bit/slot and 1 TPC bit/slot to a group of 10 users using E-PCICH the same as that using F-DPCH. Note, as in the equal geometry case SF256, the F-DPCH scheme occupies 3xSF256 while the E-PCICH/F-DPCH scheme occupies 2.5xSF256.
3
Channelization Code Resource Consumption

In the following, we evaluate the channelization code resource consumption as per the assumptions in Table 1.
Table 1: Assumptions used in Channelization Code Resource Consumption

	Parameter
	Comment

	Penetration of CLTD users
	100%

	Number of CLTD users/cell
	5 to 60 in units of 5 users

	Number of E-RGCH/user
	0, 1 (See Table 2)

	Number of PCI bits/slot
	1, 2, 3 (See Table 2)

	Number of TPC bits/slot
	1

	DL Physical channel to carry UL TPC bit
	F-DPCH

	DL Physical Channel to carry UL PCI bits
	F-DPCH or E-PCICH

	For F-DPCH scheme, UL TPC bits and UL PCI bits are time division multiplexed across slots
	No

	For a given user, constrain PCI and TPC bits to belong to  same channelization code
	No

	For a given user, constrain PCI and E-RGCH/E-HICH bits to belong to same channelization code
	No


Table 2 lists the cases considered in this analysis.
Table 2: Cases considered for the purpose of evaluation of channelization code resource consumption

	Case
	Number of PCI bits/slot
	Number of E-RGCH/user
	Number of E-HICH/user

	1
	1
	1
	1

	2
	2
	1
	1

	3
	3
	1
	1

	4
	1
	0
	1

	5
	2
	0
	1

	6
	3
	0
	1


Tables 3 through 8 lists the channelization code requirement to carry TPC, PCI, E-RGCH and E-HICH bits corresponding to Cases 1 through 6 in Table 2.  A setting of number of E-RGCHs/user = 0 in Table 2 corresponds to a VoIP only scenario where users are configured with non-scheduled grant. 
As seen in these tables, the increase in code consumption due to the F-DPCH scheme over the E-PCICH scheme varies from 20% to 50% depending on the number of PCI bits/slot and the number of E-RGCHs/user. It should be noted that in practice, the penetration of CLTD users will not be 100% and so the increase in code consumption with respect to the sum total of number of users will decrease. For example, if we were to assume 10 legacy users (i.e. non –CLTD users) and 5 CLTD users, then the total increase in code space is 14% due to F-DPCH based scheme over the E-PCICH scheme (compared to 33.33% for the 15 CLTD user case in Table 2.  Furthermore, if we were to consider time division multiplexing of PCI bits and TPC bits across slots for the F-DPCH scheme, then there is a code consumption gain due to the F-DPCH scheme over the E-PCICH scheme.
Table 3: Channelization code requirement to carry TPC, PCI, E-RGCH, E-HICH, Case 1
	#Users
	PCI channel
	xSF256
	xSF128
	Total               (xSF256)
	Increase (%)

	5
	F-DPCH
	1
	0.25
	1.5
	20

	
	E-PCICH
	0.5
	0.375
	1.25
	

	10
	F-DPCH
	2
	0.5
	3
	20

	
	E-PCICH
	1
	0.75
	2.5
	

	15
	F-DPCH
	3
	0.75
	4.5
	20

	
	E-PCICH
	1.5
	1.125
	3.75
	

	20
	F-DPCH
	4
	1
	6
	20

	
	E-PCICH
	2
	1.5
	5
	

	25
	F-DPCH
	5
	1.25
	7.5
	20

	
	E-PCICH
	2.5
	1.875
	6.25
	

	30
	F-DPCH
	6
	1.5
	9
	20

	
	E-PCICH
	3
	2.25
	7.5
	

	35
	F-DPCH
	7
	1.75
	10.5
	20

	
	E-PCICH
	3.5
	2.625
	8.75
	

	40
	F-DPCH
	8
	2
	12
	20

	
	E-PCICH
	4
	3
	10
	

	45
	F-DPCH
	9
	2.25
	13.5
	20

 

	
	E-PCICH
	4.5
	3.375
	11.25
	

	50
	F-DPCH
	10
	2.5
	15
	20

 

	
	E-PCICH
	5
	3.75
	12.5
	

	55
	F-DPCH
	11
	2.75
	16.5
	20

 

	
	E-PCICH
	5.5
	4.125
	13.75
	

	60
	F-DPCH
	12
	3
	18
	20

 

	
	E-PCICH
	6
	4.5
	15
	


Table 4: Channelization code requirement to carry TPC, PCI, E-RGCH, E-HICH, Case 2

	#Users
	PCI channel
	xSF256
	xSF128
	Total          (xSF256)
	Increase (%)

	5
	F-DPCH
	1.5
	0.25
	2
	33.33

 

	
	E-PCICH
	0.5
	0.5
	1.5
	

	10
	F-DPCH
	3
	0.5
	4
	33.33

 

	
	E-PCICH
	1
	1
	3
	

	15
	F-DPCH
	4.5
	0.75
	6
	33.33

 

	
	E-PCICH
	1.5
	1.5
	4.5
	

	20
	F-DPCH
	6
	1
	8
	33.33

 

	
	E-PCICH
	2
	2
	6
	

	25
	F-DPCH
	7.5
	1.25
	10
	33.33

 

	
	E-PCICH
	2.5
	2.5
	7.5
	

	30
	F-DPCH
	9
	1.5
	12
	33.33

 

	
	E-PCICH
	3
	3
	9
	

	35
	F-DPCH
	10.5
	1.75
	14
	33.33

 

	
	E-PCICH
	3.5
	3.5
	10.5
	

	40
	F-DPCH
	12
	2
	16
	33.33

 

	
	E-PCICH
	4
	4
	12
	

	45
	F-DPCH
	13.5
	2.25
	18
	33.33

 

	
	E-PCICH
	4.5
	4.5
	13.5
	

	50
	F-DPCH
	15
	2.5
	20
	33.33

 

	
	E-PCICH
	5
	5
	15
	

	55
	F-DPCH
	16.5
	2.75
	22
	33.33

 

	
	E-PCICH
	5.5
	5.5
	16.5
	

	60
	F-DPCH
	18
	3
	24
	33.33

 

	
	E-PCICH
	6
	6
	18
	


Table 5: Channelization code requirement to carry TPC, PCI, E-RGCH, E-HICH, Case 3

	#Users
	PCI channel
	xSF256
	xSF128
	Total          (xSF256)
	Increase (%)

	5
	F-DPCH
	2
	0.25
	2.5
	42.86

 

	
	E-PCICH
	0.5
	0.625
	1.75
	

	10
	F-DPCH
	4
	0.5
	5
	42.86

 

	
	E-PCICH
	1
	1.25
	3.5
	

	15
	F-DPCH
	6
	0.75
	7.5
	42.86

 

	
	E-PCICH
	1.5
	1.875
	5.25
	

	20
	F-DPCH
	8
	1
	10
	42.86

 

	
	E-PCICH
	2
	2.5
	7
	

	25
	F-DPCH
	10
	1.25
	12.5
	42.86

 

	
	E-PCICH
	2.5
	3.125
	8.75
	

	30
	F-DPCH
	12
	1.5
	15
	42.86

 

	
	E-PCICH
	3
	3.75
	10.5
	

	35
	F-DPCH
	14
	1.75
	17.5
	42.86

 

	
	E-PCICH
	3.5
	4.375
	12.25
	

	40
	F-DPCH
	16
	2
	20
	42.86

 

	
	E-PCICH
	4
	5
	14
	

	45
	F-DPCH
	18
	2.25
	22.5
	42.86

 

	
	E-PCICH
	4.5
	5.625
	15.75
	

	50
	F-DPCH
	20
	2.5
	25
	42.86

 

	
	E-PCICH
	5
	6.25
	17.5
	

	55
	F-DPCH
	22
	2.75
	27.5
	42.86

 

	
	E-PCICH
	5.5
	6.875
	19.25
	

	60
	F-DPCH
	24
	3
	30
	42.86

	
	E-PCICH
	6
	6
	18
	


Table 6: Channelization code requirement to carry TPC, PCI, E-RGCH, E-HICH, Case 4

	#Users
	PCI channel
	xSF256
	xSF128
	Total          (xSF256)
	Increase (%)

	5
	F-DPCH
	1
	0.125
	1.25
	25.00

 

	
	E-PCICH
	0.5
	0.25
	1
	

	10
	F-DPCH
	2
	0.25
	2.5
	25.00

 

	
	E-PCICH
	1
	0.5
	2
	

	15
	F-DPCH
	3
	0.375
	3.75
	25.00

 

	
	E-PCICH
	1.5
	0.75
	3
	

	20
	F-DPCH
	4
	0.5
	5
	25.00

 

	
	E-PCICH
	2
	1
	4
	

	25
	F-DPCH
	5
	0.625
	6.25
	25.00

 

	
	E-PCICH
	2.5
	1.25
	5
	

	30
	F-DPCH
	6
	0.75
	7.5
	25.00

 

	
	E-PCICH
	3
	1.5
	6
	

	35
	F-DPCH
	7
	0.875
	8.75
	25.00

 

	
	E-PCICH
	3.5
	1.75
	7
	

	40
	F-DPCH
	8
	1
	10
	25.00

 

	
	E-PCICH
	4
	2
	8
	

	45
	F-DPCH
	9
	1.125
	11.25
	25.00

 

	
	E-PCICH
	4.5
	2.25
	9
	

	50
	F-DPCH
	10
	1.25
	12.5
	25.00

 

	
	E-PCICH
	5
	2.5
	10
	

	55
	F-DPCH
	11
	1.375
	13.75
	25.00

 

	
	E-PCICH
	5.5
	2.75
	11
	

	60
	F-DPCH
	12
	1.5
	15
	25.00

 

	
	
	6
	3
	12
	


Table 7: Channelization code requirement to carry TPC, PCI, E-RGCH, E-HICH, Case 5

	#Users
	PCI channel
	xSF256
	xSF128
	Total          (xSF256)
	Increase (%)

	5
	F-DPCH
	1.5
	0.125
	1.75
	40.00



	
	E-PCICH
	0.5
	0.375
	1.25
	

	10
	F-DPCH
	3
	0.25
	3.5
	40.00



	
	E-PCICH
	1
	0.75
	2.5
	

	15
	F-DPCH
	4.5
	0.375
	5.25
	40.00



	
	E-PCICH
	1.5
	1.125
	3.75
	

	20
	F-DPCH
	6
	0.5
	7
	40.00



	
	E-PCICH
	2
	1.5
	5
	

	25
	F-DPCH
	7.5
	0.625
	8.75
	40.00



	
	E-PCICH
	2.5
	1.875
	6.25
	

	30
	F-DPCH
	9
	0.75
	10.5
	40.00



	
	E-PCICH
	3
	2.25
	7.5
	

	35
	F-DPCH
	10.5
	0.875
	12.25
	40.00



	
	E-PCICH
	3.5
	2.625
	8.75
	

	40
	F-DPCH
	12
	1
	14
	40.00



	
	E-PCICH
	4
	3
	10
	

	45
	F-DPCH
	13.5
	1.125
	15.75
	40.00



	
	E-PCICH
	4.5
	3.375
	11.25
	

	50
	F-DPCH
	15
	1.25
	17.5
	40.00



	
	E-PCICH
	5
	3.75
	12.5
	

	55
	F-DPCH
	16.5
	1.375
	19.25
	40.00



	
	E-PCICH
	5.5
	4.125
	13.75
	

	60
	F-DPCH
	18
	1.5
	21
	40.00

	
	
	6
	4.5
	15
	


Table 8: Channelization code requirement to carry TPC, PCI, E-RGCH, E-HICH, Case 5

	#Users
	PCI channel
	xSF256
	xSF128
	Total          (xSF256)
	Increase (%)

	5
	F-DPCH
	2
	0.125
	2.25
	50.00

 

	
	E-PCICH
	0.5
	0.5
	1.5
	

	10
	F-DPCH
	4
	0.25
	4.5
	50.00

 

	
	E-PCICH
	1
	1
	3
	

	15
	F-DPCH
	6
	0.375
	6.75
	50.00

 

	
	E-PCICH
	1.5
	1.5
	4.5
	

	20
	F-DPCH
	8
	0.5
	9
	50.00

 

	
	E-PCICH
	2
	2
	6
	

	25
	F-DPCH
	10
	0.625
	11.25
	50.00

 

	
	E-PCICH
	2.5
	2.5
	7.5
	

	30
	F-DPCH
	12
	0.75
	13.5
	50.00

 

	
	E-PCICH
	3
	3
	9
	

	35
	F-DPCH
	14
	0.875
	15.75
	50.00

 

	
	E-PCICH
	3.5
	3.5
	10.5
	

	40
	F-DPCH
	16
	1
	18
	50.00

 

	
	E-PCICH
	4
	4
	12
	

	45
	F-DPCH
	18
	1.125
	20.25
	50.00

 

	
	E-PCICH
	4.5
	4.5
	13.5
	

	50
	F-DPCH
	20
	1.25
	22.5
	50.00

 

	
	E-PCICH
	5
	5
	15
	

	55
	F-DPCH
	22
	1.375
	24.75
	50.00

 

	
	E-PCICH
	5.5
	5.5
	16.5
	

	60
	F-DPCH
	24
	1.5
	27
	50.00

 

	
	
	6
	6
	18
	


4
Analysis of Feedback Delay

Figures 7 and 8 illustrate the transmitter timing for the case when 2 PCI bits are sent per slot on the F-DPCH for the following 2 sub-cases:
1. 2 PCI bits are sent right of the beginning of the F-DPCH slot in symbols 0 and 1 (first 2 symbols of the slot)

2. 2 PCI bits are sent in symbols 6 and 8 of the F-DPCH slot.

The PCI feedback delay is defined as the difference between the time the UL PCI bits were applied at the UE and the start of the pilot field in the latest UL DPCCH slot at the UE based on which the UL PCI bits were derived.

Based on the above definition, we observe a PCI feedback delay of 1 slot in Figure 7 and a PCI feedback delay of 2 slots in Figure 8.
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Figure 7: Transmitter timing for 2 PCI bits sent at the beginning of F-DPCH slot in symbols 0 and 1
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Figure 8: Transmitter timing for 2 PCI bits sent in the F-DPCH slot at symbols 6 and 8
As discussed in [3], for the E-PCICH scheme, the minimum PCI feedback delay is 4 slots which is much higher than the 1-2 slots as discussed above. In that regard, a careful link study is needed to evaluate the impact due to this.
5
Conclusions

In this contribution, a comparison was performed between sending UL PCI bits on the F-DPCH as compared to sending UL PCI bits on E-PCICH as defined in [2],[3]. Considerations were made with regard to the downlink transmit power requirement, channelization code consumption and UL PCI feedback delay. In the analysis performed here (100% penetration of ULTD devices)

· Both schemes match exactly in terms of transmit power requirements for both the equal and unequal geometry scenarios assuming 10 ULTD users.
· With regard to the channelization code consumption, E-PCICH does have an advantage over the F-DPCH scheme. However, if we consider a mix of legacy (i.e. non-ULTD and ULTD users), the code consumption gains dampen.  
· The feedback delay achievable with F-DPCH is 1-2 slots depending on where the UL PCI bits are placed in the F-DPCH slot. This is lower than the minimum delay of 4 slots that is achievable with the E-PCICH as derived in [3].
Proposal: Discuss further the above tradeoffs and arrive at a decision between F-DPCH and E-PCICH,
7
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